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[57] ABSTRACT 
An air-fuel ratio control system controls the air-fuel 
ratio of a mixture supplied to an internal combustion 
engine. The engine is installed on an automotive vehicle 
having an automatic transmission provided with a lock 
ing-up device. The air-fuel ratio control system controls 
the air-fuel ratio to a predetermined air-fuel ratio leaner 
than a stoichiometric air-fuel ratio when the locking-up 
device is engaged. The air-fuel ratio control system sets 
the predetermined air-fuel ratio to a value depending on 
whether the locking-up device is fully engaged or par 
tially engaged. 
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AIR-FUEL RATIO CONTROL SYSTEM FOR 
INTERNAL COMBUSTION ENGINES WITH 

TORQUE CONVERTER LOCK-UP 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an air-fuel ratio control sys 

tem for internal combustion engines, and more particu 
larly to an air-fuel ratio control system for internal com 
bustion engines which are installed on automotive vehi 
cles having automatic transmissions. 

2. Prior Art 
conventionally, an automatic transmission equipped 

with a locking-up device is widely used for transmitting 
output torque from an engine to driving wheels of an 
automotive vehicle on which the engine is installed. 
The locking-up device operates to cause mechanical 
engagement between input and output members of a 
torque converter of the automatic transmission, when 
the automotive vehicle is in a predetermined travelling 
condition, to thereby reduce sliding loss of the torque 
converter. 

' An engine installed on a vehicle having such a auto 

matic transmission equipped with a locking-up device is 
known, which employs means for setting the air-fuel 
ratio of a mixture supplied to the engine (hereinafter 
referred to as “the supply air-fuel ratio”) to a predeter 
mined value leaner than a stoichiometric air-fuel ratio 
when the locking-up device is in a directly coupled state 
(a state in which the input and output members of the 
torque converter are directly coupled with each other), 
to thereby reduce the fuel consumption, as disclosed 
e.g. in Japanese Patent Publication (Kokoku) No. 
62-59218. 
According to this manner of control of the air-fuel 

ratio, although the air-fuel ratio is controlled to the 
predetermined value leaner than the stoichiometric 
value, when the locking-up device is in the directly 
coupled state, it does not take into consideration a state 
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in which the locking-up device effects loose engage- ' 
ment between the input and output members of the 
torque converter while allowing a slight degree of slid 
ing therebetween. This results in an inconvenience of 
frequent changeover in the air-fuel ratio to be con 
trolled, between the stoichiometric value and the prede 
termined leaner value, degrading the drivability of the 
vehicle. 

Further, if the air-fuel ratio is always controlled to 
the predetermined value leaner than the stoichiometric 
air-fuel ratio, irrespective of the engine rotational speed 
or the travelling speed of the vehicle, the drivability can 
be degraded due to an insufficient output from the en 
gine when the engine rotational speed is high, and surg 
ing (small vibrations of the engine caused by variation 
in output torque from the engine) can occur due to an 
unstable combustion of the mixture when the travelling 
speed of the vehicle is high. 

SUMMARY OF THE INVENTION 

It is the object of the invention to provide an air-fuel 
ratio control system for an internal combustion engine, 
which is capable of properly controlling the air-fuel 
ratio of a mixture supplied to the engine when the lock 
ing-up device of the automatic transmission is in an 
engaged state, to thereby reduce the fuel consumption 
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2 
while eliminating inconveniences with conventional 
engines, such as degraded drivability. 
To attain the above object, the present invention 

provides an air-fuel ratio control system for an internal 
combustion engine, the engine being installed on an 
automotive vehicle having an automatic transmission 
provided with a locking-up device, the control system 
controlling the air-fuel ratio of an air-fuel mixture sup 
plied to the engine to a predetermined air-fuel ratio 
leaner than a stoichiometric air-fuel ratio when the 
locking-up device is engaged. 
The air-fuel ratio control system according to the 

present invention is characterized by comprising air 
fuel ratio-setting means for setting the predetermined 
air-fuel ratio to a value depending on whether the lock 
ing-up device is fully engaged or partially engaged. 

Preferably, the air-fuel ratio-setting means sets the 
predetermined air-fuel ratio according to rotational 
speed of the engine. 

Preferably, the air-fuel ratio-setting means sets the 
predetermined air-fuel ratio according to travelling 
speed of the vehicle. 

Preferably, the air-fuel ratio control system includes 
means for setting the air-fuel ratio of the mixture to a 
leaner value over a predetermined range of load on the 
engine when the load on the engine is increasing than 
when the load on the engine is decreasing. 

In the case where the engine includes an exhaust gas 
recirculation system, and the air-fuel ratio control sys 
tem includes an EGR air-fuel ratio-setting means for 
setting the air-fuel ratio of the mixture to a value suit 
able for operation of the exhaust gas recirculation sys 
tem, it is preferred that the air-fuel ratio-setting means 
sets the predetermined air-fuel ratio to the value de 
pending on whether the locking-up device is fully en 
gaged or partially engaged, when the EGR air-fuel 
ratio-setting means is not in operation. 
The above and other objects, features and advantages 

of the invention will become more apparent form the 
ensuing detailed description taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing the whole 
arrangement of an internal combustion engine and an 
air-fuel ratio control system therefor according to an 
embodiment of the invention; 
FIG. 2 is a ?owchart of a main routine for determin 

ing a desired air-fuel ratio coe?icient KCMD and an 
air-fuel ratio correction coefficient KLAF; 
FIG. 3 is a ?owchart of a subroutine for determining 

the desired air-fuel ratio coefficient KCMD; 
FIG. 4 is a ?owchart of a subroutine for determining 

a basic value KBSM of the desired air-fuel ratio coe?i 
cient; 
FIG. 5 is a ?owchart of a subroutine for determining 

a basic value KBSM of the desired air-fuel ratio coeffi 
cient KCMD; 
FIG. 6 is a ?owchart of a subroutine for setting ?ags 

used in the subroutine of FIG. 5; 
FIG. 7 is a ?owchart of a subroutine executed in the 

subroutine of FIG. 5; 
FIG. 8 shows a map for determining the basic value 

KBSM of the desired air-fuel ratio KCMD; 
FIG. 9 shows a diagram which is useful in explaining 

how the air-fuel ratio control system operates according 
to the subroutine of FIG. 7; 



5,385,517 
3 

FIG. 10 is a graph which is useful in explaining how 
the air-fuel ratio control system operates according to 
the subroutine of FIG. 5; 
FIG. 11 is a ?owchart of a subroutine for limit-check 

ing of the desired air-fuel ratio KCMI); 
FIG. 12 is a ?owchart of a routine for determining a 

desired value (valve opening command value) LCMD 
of valve opening of an exhaust gas recirculation control 
valve of an exhaust gas circulation system; and 
FIG. 13 shows a table for determining a correction 

coef?cient KLCMD for the valve opening command 
value LCMD of the exhaust gas recirculation system, 
depending on the desired air-fuel ratio coefficient 
KCMD. 

DETAILED DESCRIPTION 

The invention will now be described in detail with 
reference to drawings showing an embodiment thereof. 

Referring ?rst to FIG. 1, there is illustrated the whole 
arrangement of an air-fuel ratio control system for an 
internal combustion engine (hereinafter simply referred 
to as “the engine”) 1 incorporating an exhaust gas recir 
culation system, according to the embodiment of the 
invention. The output torque from the engine 1 is trans 
mitted to driving wheels of an automotive vehicle on 
which the engine 1 is installed, via an automatic trans 
mission 24 provided with a locking-up mechanism 25. 
The engine has four cylinders, not shown, for in 

stance. Connected to the cylinder block of the engine 1 
is an intake pipe 2 in which is arranged a throttle valve 
3. A throttle valve opening (0TH) sensor 4 is connected 
to the throttle valve 3 for generating an electric signal 
indicative of the sensed throttle valve opening and sup 
plying same to an electronic control unit (hereinafter 
simply referred to as “the ECU”) 5 for controlling the 
engine. 

Fuel injection valves 6, only one of which is shown, 
are inserted into the interior of the intake pipe 2 at loca 
tions intermediate between the cylinder block of the 
engine 1 and the throttle valve 3 and slightly upstream 
of the respective intake valves, not shown. The fuel 
injection valves 6 are connected to a fuel pump, not 
shown, and electrically connected to the ECU 5 to have 
their valve opening periods controlled by signals there 
from. 

Further, an intake pipe absolute pressure (PBA) sen 
sor 7 is provided in communication with the interior of 
the intake pipe 2 at a location immediately downstream 
of the throttle valve 7 for supplying an electric signal 
indicative of the sensed absolute pressure within the 
intake pipe to the ECU 5. An intake air temperature 
(TA) sensor 9 is inserted into the intake pipe 2 at a 
location downstream of the intake pipe absolute pres 
sure sensor 7 for supplying an electric signal indicative 
of the sensed intake air temperature TA to the ECU 5. 
An engine coolant temperature (TW) sensor 9 formed 

of a thermistor or the like is inserted into a coolant 
passage ?lled with a coolant and formed in the cylinder 
block, for supplying an electric signal indicative of the 
sensed engine coolant temperature TW to the ECU 5. 
An engine rotational speed (NE) sensor 10 and a cylin 
der-discriminating (CYL) sensor 11 are arranged in 
facing relation to a camshaft or a crankshaft of the en 
gine 1, neither of which is shown. The engine rotational 
speed sensor 10 generates a pulse as a TDC signal pulse 
at each predetermined crank angle whenever the crank 
shaft rotates through 180 degrees, while the cylinder 
discriminating sensor 11 generates a pulse at a predeter 
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4 
mined crank angle of a particular cylinder of the engine, 
both of the pulses being supplied to the ECU 5. 
A three-way catalyst 14 is arranged in an exhaust pipe 

13 connected to an exhaust port of the engine 1 for 
purifying noxious components such as HC, CO and 
N01. An LAF sensor 12 as an exhaust gas ingredient 
concentration sensor is mounted in the exhaust pipe 13 
at a location upstream of the three-way catalyst 14, for 
supplying an electric signal having a level approxi 
mately proportional to the oxygen concentration in the 
exhaust gases to the ECU 5. 

Further connected to the ECU 5 is a vehicle speed 
sensor 31 for detecting the travelling speed of an auto 
motive vehicle on which the engine 1 is installed, and 
supplying an electric signal indicative of the sensed 
travelling speed thereto. 

Also connected to the ECU 5 is an electromagnetic 
valve 32 provided for controlling the state of engage 
ment of the locking-up mechanism of the automatic 
transmission, and the electromagnetic valve 32 is sup 
plied with an ON/OFF control signal from the ECU 5 
so as be energized and deenergized according to the 
duty ratio of the ON/ OFF control signal. 

Next, an exhaust gas recirculation system 20 will be 
described. 
The exhaust gas recirculation system 20 has an ex 

haust gas recirculation passage 15 which is communi 
cated at an end 21a thereof with the exhaust pipe 13 at 
a location upstream of the three-way catalyst 14 and at 
the other end 21b thereof with the intake pipe 2 at a 
location downstream of the throttle valve 3. 
An exhaust gas recirculation control valve 22, which 

controls an amount of exhaust gas to be recirculated, 
and bulk chamber 21C are arranged across the exhaust 
gas recirculation passage 21. The exhaust gas recircula 
tion valve 22 is an electromagnetic valve having a sole 
noid 22a which is ‘electrically connected to the ECU 5 
such that the valve opening thereof is linearly changed 
in proportion to the current amount of a control signal 
from the ECU 5. A lift sensor 23 is connected to a valve 
body of the exhaust gas recirculation valve 22 for sup 
plying a signal indicative of the sensed valve opening to 
the ECU 5. 
The ECU 5 operates to determine operating condi 

tions of the engine based on the above-mentioned sig 
nals indicative of operating parameters of the engine 
supplied from the above-mentioned sensors, and 
supplies the control signal to the solenoid 22a of the 
exhaust gas recirculation control valve such that the 
difference between a desired value (valve opening com 
mand value) LCMD of valve opening of the exhaust 
recirculation control valve 22, set in response to the 
intake pipe absolute pressure FHA and the engine rota 
tional speed NE and an actual value LACT of valve 
opening of the exhaust gas recirculation control valve 
22 detected by the lift sensor 23, is reduced to zero. 
The ECU 5 comprises an input circuit 5a having the 

functions of shaping the waveforms of input signals 
from various sensors as mentioned above, shifting the 
voltage levels of sensor output signals to a predeter 
mined level, converting analog signals from analog-out 
put sensors to digital signals, and so forth, a central 
processing unit (hereinafter referred to as “the CPU”) 
5b, memory means 5c formed of a ROM storing various 
operational programs which are executed in the CPU 
5b, and various maps and tables, referred to hereinafter, 
and a RAM for storing results of calculations there 
from, etc., and an output circuit 5d which outputs driv 



5,385,517 
5 

ing signals to the fuel injection valves 6, the exhaust gas 
recirculation control valve 22, etc. 
The CPU 5b operates in response to the above-men 

tioned signals from the sensors to determine operating 
conditions in which the engine 1 is operating, such as an 
air-fuel ratio feedback control region and open-loop 
control regions, and calculates, based upon the deter 
mined engine operating conditions, a fuel injection per 
iod TOUT over which the fuel injection valves 6 are to 
be opened, and the valve opening command value 
LCMD. 
The fuel injection by each fuel injection valve is per 

formed in synchronism with generation of each TDC 
signal pulse over the fuel injection period TOUT which 
is calculated by the use of the following equation (1): 

TOUT: TIXKCMDXKLAFXK1+K2 (1) 

where TI represents a basic fuel injection amount deter 
mined according to the engine rotational speed NE and 
the intake pipe absolute pressure PBA. A TI map is used 
for determining a value of TI, which map is stored in 
the memory means 5c. 
KCMD represents a desired air-fuel ratio coef?cient 

which is an equivalent ratio of a desired air-fuel ratio 
and set according to engine operating conditions. 
KLAF represents an air-fuel ratio correction coeffici 

ent, which is set, during air-fuel ratio feedback control, 
such that the air-fuel ratio detected by the LAF sensor 
12 becomes equal to the desired air-fuel ratio, whereas 
dun'ng open-loop control it is set to predetermined val 
ues suitable for predetermined operating conditions of 
the engine. 
K1 and K2 represent other correction coefficients 

and correction variables, respectively, which are calcu 
lated based on various engine parameter signals to such 
values depending on engine operating conditions as to 
optimize characteristics of the engine such as fuel con 
sumption and accelerability. 

Further, the CPU 5b calculates a duty ratio DOUT of 
the ON/OFF control signal to the electromagnetic 
valve 32 so as to control the state of engagement of the 
locking-up mechanism 25 in response to travelling con 
ditions of the vehicle (vehicle speed, throttle valve 
opening, etc.). When the duty ratio DOUT=0% the 
locking-up mechanism 25 is completely disengaged, and 
as the duty ratio DOUT increases therefrom, so does 
the engaging force of the locking-up mechanism 25. 
When the duty ratio DOUT= 100%, the locking-up 
mechanism is completely engaged (i.e. the input and 
output members thereof are directly coupled to each 
other to inhibit sliding therebetween). 
The CPU 5b supplies the driving signals including the 

above-mentioned control signal, and the ON/OFF con 
trol signals to the fuel injection valves 6, the exhaust 
recirculation control valve 22 and the electromagnetic 
valve 32, etc. via the output circuit 5d. 
FIG. 2 shows a program for determining the desired 

air-fuel ratio coefficient KCMD and the air-fuel ratio 
correction coe?icient KLAF, which is executed in 
synchronism with generation of each TDC signal pulse. 

First, at a step S1, it is determined whether or not the 
engine is in a starting mode. If the answer to this ques 
tion is af?rmative (YES), the air-fuel ratio correction 
coefficient KLAF is set to a value of 1.0 at a step S6, 
and the program is immediately terminated. If the an 
swer to the question of the step S1 is negative (NO), i.e. 
if the engine is not in the starting mode, a KCMD deter 
mining subroutine shown in FIG. 3 is executed at a step 
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6 
S2, and then it is determined at a step S3 whether or not 
the LAF sensor 12 has been activated (i.e. whether the 
sensor 12 is capable of detecting oxygen concentration 
in exhaust gases). If the answer to this question is nega 
tive (NO), the program proceeds to the step S6, 
whereas if the answer is af?rmative (YES), a detected 
air-fuel ratio KACT in terms of an equivalent ratio of 
the supply air-fuel ratio is calculated, based on the out 
put from the LAF sensor 12 at a step S4, and the air-fuel 
ratio correction coef?cient KLAF is calculated at a step 
S5 such that the desired air-fuel ratio coefficient 
KCMD becomes equal to the detected air-fuel ratio 
KACT, followed by terminating the program. 
According to FIG. 2 main routine, if the engine is not 

in the starting mode, and at the same time the LAF 
sensor 12 is in the activated state, the air-fuel ratio cor 
rection coefficient KLAF is calculated such that the 
detected air-fuel ratio KACT becomes equal to the 
desired air fuel ratio coefficient KCMD. 
FIG. 3 shows the KCMD determining subroutine for 

determining the desired air-fuel ratio coef?cient 
KCMD executed by the step S2 in FIG. 2. 
At a step S11, it is determined whether or not the 

engine is under fuel cut. If the answer to this question is 
negative (N0), i.e. if the engine is not under fuel cut, a 
basic value KBSM of the desired air-fuel ratio coeffici 
ent KCMD is determined at a step S12 by a subroutine 
shown in FIG. 4, whereas if the answer to the question 
of the step S11 is affirmative (YES), i.e. if the engine is 
under fuel cut, the basic value KBSM is set to a prede 
termined value KCMDFC for fuel cut at a step S13. 
The predetermined value KCMDFC is used as the im 
mediately preceding value KCMD (N — 1) of the 
KCMD value after termination of fuel cut (see FIG. 11) 

At a step S14, the basic value KBSM determined at 
the step S12 or S13 is set to the present value 
KCMD(N) of the desired air-fuel ratio coefficient 
KCMD and further a limit check, which will be de 
scribed in detail with reference to FIG. 11, is carried 
out at a step S15, followed by terminating the program. 
According to the FIG. 3 subroutine, if the engine is 

not under fuel cut, the basic value KBSM determined 
by the FIG. 4 subroutine, described below, is set to the 
desired air-fuel ratio coefficient KCMD(by the steps 
S12 and 814). 
FIG. 4 shows the subroutine for determining the 

basic value KBSM of the desired air-fuel ratio coeffici 
ent KCMD, which is executed at the step S12 in FIG. 3. 

First, at a step S20, it is determined whether or not 
the engine coolant temperature TW is lower than a ?rst 
predetermined temperature TWLEANS (e.g. 65° C.). If 
the answer to this question is affirmative (YES), i.e. if 
TW<TWLEAN5, a KTWLAF table is retrieved at a 
step S24 to determine a desired air-fuel ratio coef?cient 
value KTWLAF suitable for low engine coolant tem 
peratures, and the basic value KBSM is set to the coeffi 
cient value KTWLAF at a step S25, followed by the 
program proceeding to a step S26. The KTWLAF table 
is set such that values of the coefficient value 
KTWLAF are equivalent to respective values of the 
air-fuel ratio richer than the stoichiometric air-fuel ra 
tio, and the higher the engine coolant temperature TW, 
the smaller the KTWLAF value corresponding thereto. 

If the answer to the question of the step S20 is nega 
tive (NO), i.e. if TWETWLEANS, it is determined at a 
step S21 whether or not the engine coolant temperature 
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TW is lower than a second predetermined temperature 
TWLEAN (e.g. 75° C.). If the answer to this question is 
negative (NO), i.e. if TWZTWLEAN, the program 
immediately proceeds to a step S23, whereas if the an 
swer is affirmative (NO), i.e. if TW<TWLEAN, it is 
determined at a step S22 whether or not the duty ratio 
DOUT of the ON/OFF control signal supplied to the 
electromagnetic valve 32 of the locking-up mechanism 
25 is equal to 100%. If the answer to the-question of the 
step S22 is negative (NO), i.e. if DOUT<100%, the 
program proceeds to the step S24, while if the answer is 
affirmative (YES), i e if DOUT: 100%, the program 
proceeds to the step S23. At the step S23, the basic 
value KBSM is determined by a subroutine shown in 
FIG. 5, and then the program proceeds to the step S26. 
According to the steps S20 to S25, i.e. if TW<TW 

LEANS or if TWLEANSQTW<TWLEAN and at 
the same time DOUT<100%, which means that the 
locking-up mechanism 25 is not in the directly coupled 
state, the desired air-fuel ratio coefficient value 
KTWLAF is employed as the basic value KBSM, 
whereas if TWéTWLEAN or if TWLEANSé 
TW<TWLEAN, and at the same time DOUT: 100%, 
which means that the locking-up mechanism is in the 
directly coupled state, a value (corresponding to a value 
of A/F = 14.7 or a leaner value) of the basic value 
KBSM determined by the subroutine described herein 
after with reference to FIG. 5. 
At the step S26, it is determined whether or not the 

engine is idling. If the answer to this question is affirma 
tive (YES), the basic value KBSM is set to a predeter 
mined value KBSIDL suitable for idling (e.g. corre 
sponding to A/F= 14.7) at a step S27, followed by 
terminating the program. 

If the answer to the question of the step S26 is nega 
tive (NO), i.e. if the engine is not idling, it is determined 
at a step S28 whether or not the vehicle speed V is 
lower than a predetermined value VPLAF (e.g. 20 
km/h). If the answer to this question is negative (N O), 
i.e. if VéVPLAF, the program is immediately termi 
nated, while if the answer is a?irmative (YES), i.e. if 
V <VPLAF, the basic value KBSM is set to a predeter 
mined value KBSWLF (e.g. corresponding to 
A/F=14.7) suitable for low vehicle speeds at a step 
S29, followed by terminating the program. 
According to the FIG. 4 subroutine, if the engine 

coolant temperature TW is equal to or higher than the 
second predetermined temperature TWLEAN or if 
TWLEAN5§TW<TWLEAN and at the same time 
DOUT: 100%, with the vehicle speed V being equal to 
or higher than the predetermined value VPLAF, the 
value of the basic value’ KBSM determined by the FIG. 
5 subroutine is employed at the step $23, which subrou 
tine will be described below. 

Referring now to FIG. 5, ?rst at a step S31, a KBSM 
map is retrieved according to the engine rotational 
speed NE and the intake pipe absolute pressure PBA 
detected. The KBSM map is set, eg as shown in FIG. 
8, such that predetermined map values KBSMI to 
KBSMS (having respective values of 20 H, 30 H, 40 H, 
60 H and 80 H, H designating that each value is a hexa 
decimal digit) of the basic value KBSM correspond to 
regions A to E de?ned according to the engine rota 
tional speed NE and the intake pipe absolute pressure 
PBA. The map values KBSMI to KBSM 5 correspond 
to values of A/F=22, A/F=20, A/F=18, A/F=16, 
and A/F= 14.7, respectively. 
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At the following step S32, an FKBSM-setting sub 

routine, shown in FIG. 6, is executed for setting a lean 
burn permission flag FKBSMJG and an EGR (exhaust 
gas recirculation) desired A/F preliminary permission 
?ag FKBSMJGE. 

Referring to FIG. 6, ?rst, at a step S51, it is deter 
mined whether or not the map value of the basic value 
KBSM obtained at the step S31 in FIG. 5 is larger than 
an EGR desired A/F preliminary permission threshold 
KBSMJGE. If the answer to this question is affirmative 
(YES), i.e. if KBSM>KBSMJGE, the ?ag 
FKBSMJGE is set to a value of l at a step S53, whereas 
if the answer is negative (NO), i.e. if 
KBSMéKBSMJGE, the ?ag FKBSMJGE is set to a 
value of 0 at a step $52. The ?ag FKBSMJGE, when 
assuming a value of 1, indicates that the desired A/F 
(i.e. the desired air-fuel ratio coefficient KCMD) for 
exhaust gas recirculation can be applied. Further, when 
the threshold KBSMJGE is set to a value of 3FH (a 
value slightly smaller than a value of 40 H correspond 
ing to a value of the region C) (see FIG. 10). In this 
connection, the threshold KBSMJGE may be provided 
with hysteresis for prevention of hunting. 
At the following step S54, it is determined whether or 

not the vehicle speed V is higher than a predetermined 
value VKBSM (e.g. 80 km/h). If the answer to this 
question is negative (NO), i.e. if VéVKBSM, a lean 
burn permission threshold KBSMJG is set to a thresh 
old value KBSMJGI suitable for low vehicle speeds, 
whereas if the answer is negative (NO), i.e. if 
V>VKBSM, the threshold KBSMJ G is set to a thresh 
old value KBSMJG2 suitable for high vehicle speeds. 
In this connection, threshold values KBSMJGI and 
KBSMJGZ are each provided with hysteresis. For in 
stance, the threshold value KBSMJGI for low vehicle 
speeds assumes a value of 21 H/5 FH (i.e. the threshold 
value KBSMJGI assumes the smaller one of 21 H when 
the KBSM map value is decreasing, while it assumes the 
larger one of 5 FH when the KBSM map value is in 
creasing), while the threshold value KBSMJGZ for 
high vehicle speeds assumes a value of 21 H/7 FH. 21 H 
is a value slightly larger than a value 20 H (correspond 
ing to the region A), 5 PH is a value slightly smaller 
than a value 60 H (corresponding to the region D), and 
7 PH is a value slightly smaller than a value 80 H (corre 
sponding to the region E). 
At the following step S57, it is determined whether or 

not the KBSM map value is larger than the lean burn 
permission threshold KBSMJG. If the answer to this 
question is a?irmative (YES), i.e. if KBSM >KBSMJG, 
it is determined that basic value KBSM falls outside a 
region for lean burn, so that the lean burn permission 
?ag FKBSMJG is set to a value of 0, while if the answer 
is negative (NO), i.e. if KBSMéKBSMJG, it is deter 
mined that the basic value KBSM falls within a region 
for lean bum, so that the ?ag FKBSMJG is set to a 
value of 1. 
According to the FIG. 6 subroutine, the EGR desired 

A/F preliminary permission ?ag FKBSMJGE is set to 
a value of 0 in the regions A and B in FIG. 8, and to a 
value of l in the regions C, D and E in same. Further, 
the lean burn permission ?ag FKBSMJG is set to: 

l) a value of 0 in the regions B, C, D and E, and to a 
value of 1 in the region A, irrespective of the vehi 
cle speed, when the KBSM map value is decreasing 
(i.e. the load on the engine is decreasing), 

2) a value of 0 in the regions E, and to a value of 1 in 
the region A, B, C, and D, when the KBSM map 
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value is increasing and at the same time the vehicle 
speed is high (V >VKBSM), and 

3) a value of 0 in the regions D and E, and to a value 
of l in the regions A, B, and C, when the KBSM 
map value is increasing and at the same time the 
vehicle is low (V éVKBSM). 

Referring back to FIG. 5, at a step S33, it is deter 
mined whether or not a LAF feedback flag FLAFFB, 
which is set to a value of 1 when it is determined based 
on the output from the LAF sensor 12 that the engine is 
in an operating condition suitable for the air-fuel ratio 
feedback control, is equal to 1. If the answer to this 
question is negative (NO), i.e. if FLAFFB=0, an EGR 
desired A/F permission ?ag FEGRAF, referred to 
hereinbelow, is set to a value of 0 at a step S34, and the 
program proceeds to a step S41. 

If the answer to the question of the step S33 is af?r 
mative (YES), i.e. if FLAFFB=1, it is determined at a 
step S35 whether or not an EGR ON ?ag FEGR, 
which is set to a value of 1 when the EGR (exhaust gas 
recirculation) is performed, is equal to 1. If the answer 
to this question is affirmative (YES), it is determined at 
a step S36 whether or not the EGR desired A/F prelim 
inary permission ?ag FKBSMJGE is equal to 1. If both 
the answers to the questions of the steps S35 and S36 are 
af?rmative (YES), i.e. if FEGR= l and at the same time 
FKBSMJGE= l, the EGR desired A/F permission ?ag 
FEGRAF is set to a value of l at a step S38, whereas if 
either of the answers to these questions is negative 
(NO), i.e. if FEGR=0 or FKBSMJGE=O, the flag 
FEGRAF is set to a value of 0 at a step S37. The FE 
GRAF, when assuming a value of 1, indicates that the 
desired air-fuel ratio (e.g. A/F= l8) suitable for EGR 
can be employed. 
At the following step S39, it is determined whether or 

not the lean burn permission ?ag FKBSMJG is equal to 
1. If the answer to this question is af?rmative (YES), i.e. 
if FKBSMJG= 1, which indicates that the map value 
KBSM is in the region for lean burn, it is determined at 
a step S40 whether or not the EGR desired A/F permis 
sion ?ag FEGRAF is equal to 1. If the answer to this 
question is negative (NO),.i.e. if FEGRAF=0, which 
means that the desired A/F for EGR cannot be em 
ployed, so that the program proceeds to a step S43, 
where a subroutine shown in FIG. 7 is executed. On the 
other hand, if the answer to the question of the step S40 
is af?rmative (YES), i.e. if FEGRAF= 1, which means 
that the desired A/F for EGR can be employed, the 
basic value KBSM is set to a predetermined value 
KBSME corresponding to A/F= 18 at a step S44, fol 
lowed by terminating the program. 

If the answer to the question of the step S39 is nega 
tive (NO), i.e. if FKBSMJG=0, which means that the 
KBSM map value falls outside the region for lean burn, 
it is determined at a step S41 whether or not the map 
value KBSM is equal to or higher than a predetermined 
value KBSMO corresponding to A/F= 14.7. If the an 
swer to this question is affirmative (YES), i.e. if 
KBSMZKBSMO, the program is immediately termi 
nated. Accordingly, as the basic value KBSM, the map 
value obtained at the step S31 is employed without 
modi?cation. 

If the answer to the question of the step S41 is nega 
tive (NO), i.e. if KBSM<KBSMO, it is determined at a 
step S42 whether or not the EGR desired A/F permis 
sion ?ag FEGRAF is equal to 1. If the answer to this 
question is affirmative (YES), i.e. FEGRAF: 1, the 
program proceeds to a step S44, where the basic value 
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KBSM is set to the predetermined value KBSME (cor 
responding to A/F = 18), whereas if the answer is nega~ 
tive (NO), i.e. if FEGRAF=0, the basic value KBSM is 
set to the predetermined value KBSMO at a step S45, 
followed by terminating the program. 
FIG. 7 shows the aforementioned subroutine to be 

carried out at the step S43 in FIG. 5. 
First, at a step S101, it is determined whether or not 

the duty ratio DOUT of the ON/OFF control signal 
supplied to the electromagnetic valve 32 of the locking 
up mechanism is smaller than a predetermined value 
DLCLAFH (e. g. 90%). If the answer to this question is 
negative (NO), i.e. if DOUTZDLCLAFH, which 
means the locking-up mechanism is substantially di 
rectly coupled, it is determined at a step S102 whether 
or not the vehicle speed V is higher than a predeter 
mined higher value V5th (e.g. 105 km/h). If the answer 
to this question is negative (NO), i.e. if V§V5th, the 
program proceeds to a step S105, whereas if the answer 
is affirmative (YES), i.e. if V>V5th, the basic value 
KBSM is set to a predetermined value KBSMV5 (e.g. 
corresponding to A/F =21) suitable for high vehicle 
speeds at a step S103. , 

If the answer to the question of the step S101 is affir 
mative (YES), i.e. if DOUT<DLCLAFH, which 
means that the engaging force of the locking-up mecha 
nism is small, it is determined at a step S104 whether or 
not an engagement state ?ag FLCLEAN is equal to a 
value of l. The engagement state ?ag FLCLEAN is set 
to the value of 1 when the duty ratio DOUT is larger 
than 0%, whereas if the duty ratio DOUT is equal to 
0%, it is set to a value of 0. If the answer to this question 
is affirmative (YES), i.e. if FLCLEAN=1, it is deter 
mined at a step S105 whether or not the vehicle speed V 
is equal to or higher than a predetermined lower value 
VNGRL (e.g. 20 km/h). If either the answer to the 
question of the step S104 or that to the question of the 
step S105 is negative (NO), i.e. if FLCLEAN=0, 
which means that the locking-up mechanism is not en 
gaged at all, or if FLCLEAN=1, and at the same time 
V<VNGRL, which means that the locking-up mecha 
nism 25 is engaged but the vehicle speed is low, the 
basic value KBSM is set to a predetermined value 
KBSMIL (corresponding e.g. to A/F=14.7) suitable 
for the disengagement of the locking-up mechanism or 
low vehicle speeds at a step S106. This takes into con 
sideration that even if the locking-up mechanism 25 is 
engaged (DOUT>0%), the engine output torque can 
be required to be increased for standing start or acceler 
ation of the vehicle, when the vehicle speed is low. 

If the answer to the question of the step S105 is affir 
mative (YES), i.e. if VZVNGRL, it is determined at a 
step S107 whether or not the engine rotational speed 
NE is higher than a predetermined value NKBS (e.g. 
3000 rpm). If the answer to this question is affirmative 
(YES), i.e. if NE>NKBS, the basic value KBSM is set 
to a predetermined value KBSMLR (e.g. correspond 
ing to A/F=2l.5) for medium-to-high vehicle speeds 
and high engine rotational speeds at a step S108, 
whereas if the answer to this question is negative (NO), 
i.e. if NEéNKBS, the basic value KBSM is set to a 
predetermined value KBSML (corresponding e.g. to 
A/F =22) for medium-to-high vehicle speeds and low 
engine rotational speeds at a step S109. 
FIG. 9 collectively shows manners of setting the 

basic value KBSM by the FIG. 7 subroutine. In the 
table, “ND” represents a state in which the basic value 
KBSM is not dependent on the vehicle speed V or the 
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engine rotational speed NE. More speci?cally, in the 
present embodiment, when the engaging force of the 
locking-up mechanism is large (DOUTéDLCLAFH), 
the predetermined value KBSMVS corresponding to 
A/F=21.0 is used when the vehicle speed is high 
(V >V5th), the predetermined value KBSMLR corre 
sponding to A/F =21.5 is used when the vehicle speed 
is medium (VNGRLéVéVSth) and the engine rota 
tional speed NE is high (NE>NKBS), and the prede 
termined value KBSML corresponding to A/F=22.0 is 
used when the vehicle speed is medium 
(VNGRLéVéVSth) and the engine rotational speed 
NE is low (NEéNKBS). When the vehicle speed is 
low (V <VNGRL), the predetermined value KBSMlL 
corresponding to A/F= 14.7 is used irrespective of the 
engine rotational speed NE. 
When the engaging force of the locking-up mecha 

nism 25 is not large (DOUT<DLCLAFH), if the vehi 
cle speed is medium to high (V ZVNGRL), the prede 
termined value KBSML is used when the engine rota 
tional speed NE is high, but the predetermined value 
KBSMLR is used when the engine rotational speed NE 
is low, whereas if the vehicle speed is low, the predeter 
mined value KBSMlL is used irrespective of the engine 
rotational speed NE. 
According - to the present embodiment, the basic 

value KBSM of the desired air-fuel ratio coefficient 
KCMD is set to a value leaner than the value corre 
sponding to the stoichiometric air-fuel ratio, depending 
on the state of engagement (DOU'D of the locking-up 
mechanism 25, which makes it possible to carry out 
proper lean burn control even if the locking-up mecha 
nism is not directly coupled, so as to reduce fuel con 
sumption. Further, the lean desired air-fuel ratio leaner 
than the stoichiometric valve is modi?ed according to 
the vehicle speed V (i.e. slightly enriched when the 
vehicle speed is high, provided that the engaging force 
of the locking-up mechanism 25 is high (DOUTZDL 
CLAFH), which makes it possible to prevent occur 
rence of surging due to unstable combustion of the 
mixture especially when the vehicle speed is high 
(V >V5th). Further, the desired air-fuel ratio is modi 
tied (slightly enriched when the engine rotational speed 
NE is high) depending on the engine rotational speed 
NE, whereby the engine output torque is maintained at 
a sufficient level when the engine rotational speed is 
high, whereby it is made possible to improve drivabil 
ity. 

Next, the manners of setting the basic value KBSM 
by the FIG. 5 to FIG. 7 subroutines will be described 
with reference to FIG. 8 to FIG. 10. In the region A in 
FIG. 8, irrespective of the vehicle speed V (whether or 
not it is equal to or higher than the predetermined value 
VKBSM) and of whether the EGR is being carried out 
or inhibited, the basic value KBSM determined by the 
FIG. 7 subroutine is used, and in the region E, the basic 
value KBSM is set to the predetermined value KBSMO. 

Further, in the regions B, C, and D, the basic value 
KBSM is set with hysteresis, the e?'ects of which are 
illustrated in FIG. 10, in which are shown changes in 
the basic value KBSM occurring when the KBSM map 
value shifts from a point A’ in the region A shown in 
FIG. 8 to a point E’ in the region B shown in same, or 
vice versa. However, it should be noted that FIG. 10 
shows a case in which the basic value KBSM is set to 
the predetermined value KBSML (corresponding to 
A/F =22) when the FIG. 7 subroutine is executed. 
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First, let it be assumed that the vehicle speed is high 

(V >VKBSM) and at the same time the EGR is inhib 
ited, if the load on the engine (PBA) is increasing, the 
basic value KBSM is set to the predetermined value 
KBSML until the KBSM map value reaches an higher 
lean burn permission threshold value KBSMJGZH (7 
FH), and is set to the predetermined value KBSMO 
when the KBSM map value further increases beyond 
the threshold value KBSMJGZH, as indicated by the 
solid line in FIG. 10. Therefore, in the regions B, C, D 
in FIG. 8, the basic value KBSM is set to the predeter 
mined value KBSML. 

Further, under the same assumption described above, 
if the load on the engine (PBA) is decreasing, the basic 
value KBSM is set to the predetermined value KBSMO 
until the KBSM map value reaches a lower lean burn 
permission threshold value KBSMJGZL (21 H), and is 
set to the predetermined value KBSML when the 
KBSM map value further decreases beyond the thresh 
old value KBSMJGZL. Therefore, in the regions B, C, 
and D in FIG. 8, the basic value KBSM is set to the 
predetermined value KBSMO. 

Further, let it be assumed that the vehicle speed is 
high and at the same time the EGR is performed, if the 
load on the engine is increasing, the basic value KBSM 
is set to the predetermined value KBSML until the 
KBSM map value reaches the EGR desired A/F pre 
liminary permission threshold KBSMJGE (3 FH), and 
is set to the predetermined value KBSME when the 
KBSM map value further increases beyond the thresh 
old value KBSMJGE, and to the predetermined value 
KBSMO when the KBSM map value further increases 
beyond the higher lean burn permission threshold value 
KBSMJGZH (7 PH). Therefore, in the region B in FIG. 
8, the basic value KBSM is set to the predetermined 
value KBSML, while in the regions C and D, it is set to 
the predetermined value KBSME. 
Under the same assumption, if the load on the engine 

is decreasing, the basic value KBSM is set to the prede 
termined value KBSMO until the KBSM map value 
reaches the higher lean burn permission threshold value 
KBSMIGZH (7 FH), to the predetermined value 
KBSME when it becomes smaller than the threshold 
value KBSMJGZH and until it reaches the EGR desired 
A/F preliminary permission threshold KBSMJGE (3 
FH), to the predetermined value KBSMO when it be 
comes smaller than the threshold value KBSMJGE, 
and to the predetermined value KBSML when it be 
comes smaller than the lower lean bum permission 
threshold value KBSMJGZL (21 H). Therefore, in the 
regions C and D in FIG. 8, the basic value KBSM is set 
to the predetermined value KBSME similarly to the 
case where the load on the engine is increasing, and in 
the region B, the basic value KBSM is set to the prede 
termined value KBSMO. 

Further, when the vehicle speed is low, the higher 
lean burn permission threshold value is changed to 5 
PH (see the step S55 in FIG. 6), so that in the region D, 
when the load on the engine is increasing, the basic 
value KBSM is set to the predetermined values 
KBSME or KBSMO depending on whether the EGR is 
performed or inhibited, respectively, whereby the re 
giOn in which the lean burn is permitted is narrowed. 
The rest remains the same. 
As described above, according to the present embodi 

ment, when the EGR is performed, in the regions C and 
D, the desired air-fuel ratio coef?cient KCMD 
(=KBSM) is set to the predetermined value KBSME 






